Introduction: The social inequality in smoking in the Western countries has been increasing. It has been suggested that the most important strategy to reduce health inequalities related to socio economic status (SEP) is to promote smoking cessation in persons with low SEP. One could fear that a smoking cessation intervention might benefit smokers with high SEP more, and thereby increase the social inequality in smoking. We wanted to investigate whether the effect differed across SEP. Methods: The study was an individual multi-factorial lifestyle intervention study with a control group, Inter99 (1999-2006), Copenhagen, Denmark. We included 1991 dailysmokers with self-reported information on education in the intervention group, and 1135 in the control group. Smokers in the intervention group were repeatedly offered individual lifestyle-counselling and group-based smoking cessation. We used generalised linear mixed models under the assumption of missing at random, including interaction term between intervention effect and SEP. Results: The gap in self-reported abstinence rates increased over time between persons with high and low education. Probability of abstinence was significantly higher in the intervention group than in the control group, at all follow-up-visits but the effect of the intervention changed over time. The differences in quit-rates across educational groups were not significantly different in the intervention than in the control group at any time. Conclusion: In this randomised population-based intervention study we found that smokers across all educational levels benefited from the anti-smoking intervention, and that the intervention did not increase the social inequality in smoking, as one could have feared.
INTRODUCTION
Persons with low socioeconomic position (SEP) often have difficult living conditions making them susceptible to disease [1, 2] and there is a strong association between population health and income inequality levels [3] . However, a recently published study found that smoking is a greater source of health inequality than social position [4] . The study suggests that the most important strategy to reduce health inequalities related to social position is to promote smoking cessation in persons with low social position. The social inequality in smoking in the Western countries has been increasing in the last decades [5] [6] [7] [8] [9] and an English report (Securing good health for the whole population) concluded "We do not know what messages and interventions work to get lower socioeconomic groups to stop smoking" [10] . When planning strategies/interventions to reduce social inequalities in health, evidence of the effect of the strategy is needed before implementing it. In the worst case a strategy could have the opposite effect, and increase the social inequality in smoking.
A large Danish population-based multi-factorial intervention study, the Inter99 study, used a proactive approach and an intensive, repeated lifestyle intervention over five years, resulting in significantly higher quit rates than in the control group [11] . The question is, whether smokers from all socioeconomic groups did benefit from the intervention, or whether the intervention only increased abstinence rates in smokers with high social position, and thereby increased the social inequality in smoking and health.
We have already shown that the intervention did not increase the social inequality in physical activity or diet, and that it may even have decreased or hindered further widening of the social inequalities in health due to unhealthy dietary habits among socially disadvantaged individuals [12, 13] .
The aim of this paper is to investigate the effect of a population-based multi-factorial intervention on smoking-across socioeconomic groups. Our hypothesis is that the intervention did not increase the social inequality in smoking.
METHODS
Inter99 is a population-based intervention study, initiated in March 1999 and ended in April 2006. The study design is described in detail elsewhere [14, 15] . The study was performed at the Research Centre for Prevention and Health, Glostrup University Hospital, Copenhagen, Denmark, and was approved by The Copenhagen County Ethical Committee (KA 98155) and the National Board of Health and registered in the Clinical Trials.gov (NCT00289237). The aim of the study was to prevent cardiovascular disease by non-pharmacological intervention. We screened a general population for high risk of ischemic heart disease (IHD) and offered assistance to a healthier lifestyle to those at high risk. All smokers were considered to be at high risk of IHD.
Study population
The study population consisted of all 61,301 individuals aged 30 -60 years living in 11 municipalities in the suburbs south-west of Copenhagen City. An age-and sex-stratified random sample of 13,016 individuals was drawn from the Civil Registration by computer generated random numbers. Before invitation the sample was prerandomised into a high-intensity intervention A (n = 11,708) and a low-intensity intervention group B (n = 1308). Eighty-two persons had died or could not be traced. Of the remaining 12,934, a total of 6906 (53.4%) participated in the study. Of these, 122 were excluded because of alcoholism, drug abuse or linguistic barriers, leaving 6784. Because of the small sample size and in order to keep the design simple the low-intensity intervention group is not included in the present study. From the remaining 48,285 individuals, a random sample of 5264 individuals was drawn (control group C) ( Figure  1) . A total of 3324 responded.
Participants included in this paper
This paper is based on daily smokers with information on occupational education at baseline in the high intensity intervention group A (N = 1991) and in the control group C (N = 1135) (Figure 1 ). In the intervention group, at five year follow-up, we additionally sent short questionnaires to non-attendants to gather information on smoking status. This information has been included in analyses.
Intervention in group A At baseline, participants in the intervention group completed questionnaires and had an extensive health examination. They were categorised as high risk individuals if they had a high absolute risk of IHD, were daily smoker or obese, had hypertension, hypercholesterolemia, diabetes or impaired glucose tolerance. A total of 60% were categorised as high-risk individuals. All daily smokers were regarded to have high risk of IHD.
Based on the personal risk estimate, each participant had individual lifestyle counselling. All smokers were encouraged to quit (described in details elsewhere) [11, 15, 16] . In addition to the individualised lifestyle counselling, high-risk individuals (including all smokers) in the intervention group were offered lifestyle counselling in groups. At baseline 26.5% of the daily smokers accepted participation in smoking cessation groups [17] . Other smokers preferred to try to quit without further assistance than the lifestyle counselling.
There was no difference in SEP among smokers who accepted to participate in smoking cessation groups. An intensive non-pharmacological (behavioural) approach was combined with a pharmacological approach.
All smokers in the intervention were re-invited to a follow-up visit with lifestyle counselling after one, three and five years and offered participation in smoking cessation groups at one-and three-year follow-up.
Control group C Participants in the control group only received questionnaires at baseline, one-, three-and five-year followup (Figure 1 ). Participants were not aware of an ongoing lifestyle intervention, as we wanted to observe natural temporal lifestyle-changes in an unexposed population.
Outcome measure Self-reported point abstinence: those who reported to have quit at the time of a follow-up visit-independently of smoking status at other follow-up visits. Thus, a person could be point abstinent at one-year follow-up but have started smoking again at five-year follow-up. Abstinence was validated in the intervention group, but not in the control group [18] . Thus, we can only use selfreported abstinence in this paper.
Measure of socioeconomic position Socioeconomic position: was defined by self-reported length of occupational education after finishing basic school education (e.g. unskilled worker = 0 years, green keeper assistant = 1.5 year, carpenter = 3.5 years, teacher = 4 years, medical doctor = 6 years). High education (academic education) was more than four years, medium education one to four years, and low education less than one year. Occupational education is found to be significantly associated with chronic disease [19] , low health knowledge, high un-employment rate, bad self-reported health and unhealthy lifestyle.
OPEN ACCESS
Co-variate measures (baseline) Tobacco consumption: was measured as grams of tobacco (a cigarette = one gram, a cheroot = three grams, and a cigar = five grams; pipe tobacco was assessed in grams). A total of 94.4% of all daily smokers were cigarette smokers.
Motivation to quit: smokers were categorised in motivational stages using a simplified typology of Prochaska and Di Clemente [20, 21] . (Preparation stage: "planning to quit within one month". Contemplation stage: "planning to quit within the next six months". Precontemplation stage: "not planning to quit").
Dietary quality score: a three-class variable (healthy, average, un-healthy) was generated for each of the four food-groups/nutrients (fish, vegetable, fruit and fat) from a 52-item food frequency questionnaire (reference period: one week). The score has been validated [22] . Physical activity was based on self-reported commuting and leisure time physical activities and measured as minutes per week Recommended = minimum 4 hours per week [23] .
Alcohol consumption was assessed as mean self-reported consumption of units of beer/strong beer, wine and spirits per week. One beer or one glass of wine or four cl. of spirits equals one unit (approximately 12 gram alcohol). Strong beer equals 1.5 units. The Danish National Board of Health recommended less than 15 units of alcohol weekly for women and 22 for men.
Statistical Analyses
Data processing was done with the SPSS 15.0 software (SPSS Inc., Chicago, IL, USA).
When looking at baseline differences between intervention and control group, categorical data were tested by Persons Chi-square test and continuous data were tested by T-tests, after confirming that there was homogeneity of variances. As number of quit attempts and pack-years were skewed we tested differences by MannWhitney U-test.
In order to identify predictors of drop-out we tested the following factors in logistic regression analyses: age, sex, group, employment status, occupational education, living with partner, nationality, physical activity, diet, alcohol, self-reported physical health (measured by SF-12), motivation to quit and tobacco consumption. Young age, intervention group, low education, being employed, worse self-reported physical health, and higher tobacco consumption were found to be predictors of dropout at five-year follow-up. The logistic regression models were controlled by the Hosmer-Lemeshow goodnessof-fit test.
As we supposed that missing values were not randomly distributed across all observations but randomly distributed within subsamples (e.g. age or employment status) a generalised linear mixed model was used for analyses. This model uses information for all available measurements for each individual and is assumed to give valid inference under a missing at random (MAR) assumption. These analyses were performed in SAS version 9.2 (TS2M0). We used the generalised linear mixed model, with self-reported abstinence as outcome, subject as a random effect (to account for the repeated measurements within each person) and time of measurement, intervention/control-group and occupational education as fixed effect. The model was adjusted for sex, age, motivation to quit, tobacco consumption, diet, employment status and self-reported physical health as these factors were either 1) differently distributed across interventionand control group at baseline and/or 2) differently distributed at baseline between participants and drop-outs at one-, three-and five-years follow-up. In order to determine the impact of the intervention on self-reported abstinence from smoking across socioeconomic position, an interaction term between intervention and occupational education was included. Thereafter, an interaction term between intervention and time was included, in order to determine the effects of the intervention on selfreported abstinence from smoking across time. When exploring whether there was an impact of time on the effect of the intervention across socioeconomic position, a three-way interaction term comprising level of education, intervention group and time was included (as well as the interaction term between occupational education and time). Interactions were assessed on the multiplicative scale.
Level of significance was set to 5% in all analyses.
RESULTS
The significant differences between daily smokers in the intervention group and the control group at baseline were lower age, healthier diet, a higher motivation to quit, and a higher employment rate in the intervention group ( Table 1) . There were no differences in occupational education or number of school years.
We found higher abstinence rates in the intervention group than in the control group (Figure 2) . The multivariate analyses showed a significant effect of the intervention, but the effect of the intervention changed over time (p = 0.035). Probability of self-reported abstinence was higher in the intervention group than in the control group, both at one-(OR = 3.14; 95%CI = 2.1 -4.7), three-(OR = 1.72; 95%CI = 1.3 -2.4) and five-year follow-up (OR = 2.45; 95%CI = 1.8 -3.3).
There was an educational trend, with highest self-reported abstinence rates in persons with high education, intermediate in persons with medium education, and lowest in those with low education (Figure 2) . The gap in abstinence seemed to increase over time between persons with high and low education. The intervention did not widen the educational gap. It actually seemed to narrow the gap a little over time. At five-year follow-up, smokers with low education in the intervention group reported to quit at the higher rates than smokers with moderate education in the control group. To answer our research-question we looked at the generalised linear mixed model. Odds ratios of abstinence from smoking for persons in the intervention group with low and medium education were generally higher, when comparing with control group, than for persons with high education, even though they were nonsignificant for persons with low education at three and five-year follow-up ( Table 2) . This indicates that persons with lower SEP apparently benefitted more of the smoking cessation intervention. However, the interaction between group and education was non-significant (p = 0.510, 0.805 and 0.508 at one-, three-and five-year follow-up), indicating that the differences in quit rates across educational groups were not significantly different in the intervention and the control group. The interaction between education and time was non-significant (p = 0.962). Neither did we find the three-way interaction between group, education and time significant (p = 0.878).
DISCUSSION
In this randomised population-based intervention study we found that smokers across all educational levels did benefit from the anti-smoking intervention, and that the intervention did not increase the social inequality in smoking. Persons with higher education had generally higher abstinence rates than persons with lower education, both in the intervention and in the control group, and the gap increased over time. Abstinence rates were highest in the intervention group, offering lifestyle counselling and group based smoking cessation, and lowest in the control group.
There is no sign that the intervention had increased the social inequality in smoking. At five-year follow-up, smokers with low education in the intervention group reported to quit at the higher rates than smokers with moderate education in the control group. In general, odds ratios of abstinence from smoking for persons with low/ medium education in the intervention group were higher, than for persons in the control group, indicating that persons with low/medium education maybe benefitted more of the smoking cessation intervention than those with high education. Yet, the interaction term between education and group was not significant. This could be Table 2 . Probability of being abstinent from smoking across socioeconomic groups, measured by length of education. High intensity intervention group A compared with control group C (= reference). Five years follow-up of the Inter99 study (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) explained by the fact that relatively few persons had low and high education (small groups with broad confidence intervals).
To our knowledge, no previous randomised studies have described the effect of a high risk strategy. This strategy, described by Geoffrey Rose, seeks to protect susceptible individuals, and implies some form of screening and risk assessment. This is followed by a prevention practice, for example providing protection against the effects of exposure (e.g. hepatitis vaccine), reducing the level of exposure (e.g. statins) or removing the exposure (e.g. smoking cessation). The high risk strategy is typically implemented in the health care system and is provided by health care professionals [24] . In our study, we screened for high risk of IHD and offered lifestyle counselling in order to remove the negative health effects of an unhealthy lifestyle.
Can we answer the question "what messages and interventions work to get lower socioeconomic groups to stop smoking?" A recent review concluded that there is considerable evidence that media campaigns to promote smoking cessation are often less effective among socioeconomically disadvantaged populations [25] . Increasing the price of cigarettes may provide a means of reducing social disparities in smoking [26, 27] . However, not all studies have found this beneficial effect [28] , and as smoking prevalence in the Western countries is falling, price increases may become less effective as an inducement for hard-core smokers to quit [29] . A recent study found that a higher price on tobacco actually increased social inequality in smoking, as poor smokers were heavier, more tobacco-dependent smokers, who had difficulties to quit [30] .
The effect of a smoking ban in public places, showed a significant reduction in acute coronary events after a smoking ban, which tended to be greater among lower socioeconomic groups [31] . Partial bans, on the other hand (e.g. allowing smoking in some bars/restaurants), may be more likely to worsen socioeconomic inequalities in smoking prevalence [32] .
The English National Health Service stop smoking services offer free professional support, and focus on the individual, thereby reminding of the high risk strategy. An observational study found that these services probably make a modest contribution to reducing inequalities in smoking prevalence [33] . It has recently been suggested that a new strategy, "the vulnerable populations theory" could be a good supplement to the other well-established public health strategies. The idea was to move away from the risk factor epidemiological thought, which tends to focus largely on behaviour alone, and suggest that some groups are vulnerable with regard to the social structure and their practices [34] . Other authors have argued that the term "vulnerable populations" is not without problems, including potential stigmatisation [35] . It is important that we debate the consequences of the established public health strategies and discuss new strategies.
This study shows that it is feasible to attract smokers with low SEP to a programme with lifestyle counselling, and group-based smoking cessation. The Inter99 study used a proactive recruitment strategy by sending personal invitations with a prearranged date and time. It is worth to note that smokers with low education who were offered assistance to quit obtained higher quit-rates than smokers with moderate education in the control group, at five-year follow-up.
The multi-factorial approach (the lifestyle consultation also addressed diet, physical activity and alcohol consumption) may have been important in order to reach a more unselected group of smokers. Probably, many smokers, and especially smokers with low education, would not have attended the clinic if we had invited smokers only, and focused on smoking cessation only. Successful change of lifestyle inspired some non-motivated smokers. e.g. we experienced that some obese smokers, who had experienced a successful loss of weight when participating in a diet and exercise group, found confidence to join a smoking cessation group at next follow-up visit. Thus, the potentially active components of this intervention are difficult to untangle.
Measuring SEP is very complex and each measure-ment has different strengths and weaknesses. There is no single best indicator of SEP [36, 37] . In general, education is relevant to people regardless of age or working circumstances, it is a strong determinant of employment and income and it reflects knowledge. The variable used in this paper, occupational education, is a frequently used measure of SEP in Denmark, significantly associated with chronic disease [19] .
The most important weakness is the low participation rate and drop-out in the follow-up, which leads to selection, as abstinence is known to be associated with attendance [38] . In a baseline publication we found that participation rate was higher in younger women than in younger men, and it increased with increasing age until 55 years of age after which it declined. The participants in the intervention group did not differ from those in the control group, regarding former admissions for all causes, IHD, CVD, and diabetes [14] . We suppose that there was a higher dropout in continuous smokers in the intervention, as the expectations of quitting were higher than in the control group. The social non-smoking norm in those with high education would probably result in a higher dropout of continuous smokers with high education. We can not rule out the possibility that bias in self-report may have affected results. In both cases we suppose that bias would be more pronounced in the intervention groups than in the control group. The possibility of residual confounding due to unknown or unmeasured confounders always exists.
The strengths of this study are the randomisation, the large size, the long follow-up and the setting in a general population, including unselected smokers from all socioeconomic levels. The known baseline differences between smokers in the intervention and the control group have been adjusted for. The use of advanced statistical analyses which hold under a missing at random assumption increases the probability of valid results. Even though we only presented self-reported abstinence in this paper, smoking abstinence has previously been validated in the intervention groups [18] .
Conclusion
In this population-based randomised intervention study, smokers across all educational levels benefited from the anti-smoking intervention, and the intervention did not increase the social inequality in smoking. It is worth to note that smokers with low education who were offered assistance to quit obtained as high quit-rates as smokers with moderate/high education in the control group, at five-year follow-up. As there is evidence that mass media increase social inequality in smoking, legislation combined with proactive smoking cessation support to smokers with low SEP seem a better alternative, when planning strategies to reduce social inequalities in health.
ACKNOWLEDGEMENTS
We thank the whole Inter99-staff and all persons participating in the study. Also, we thank the funding providers. Both those who funded this paper and those who funded the Inter99 study. 
